”(A?sﬂ? ASIER Rscon

»

ASTER 20 Anniversary: Geologic Contributions
to Mineral Exploration and Lithologic Mapping

Michael Abrams

Jet Propulsion Laboratory, California Institute of Technology.
Pasadena, USA

Yasushi Yamaguchi
Nagoya University, Nagoya, Japan

Dan Taranik
Exploration Mapping Group, Inc., LLas Vegas, USA

IGARSS 2019

© 2019. All rights reserved Yokohama, Japan (July 29-Aug 2, 2019)




First Textbook:

Remote Sensing: it
Principles and
Interpretation, -

(Sabins,1978)

ring 37 years with Chevron, Dr. Sabins:

introduced remote sensing to Chevron leading to the first oil

Landsat Color Ratio discoveries in Sudan and Papua New Guinea

Composite Goldfield, ° his programs for digitally processing Landsat images discovered the

Nevada Courtesy L.C. world-class Collahuasi and Ujina, Chile copper deposits, earning
Rowan USGS/JPL

him the coveted Chevron Chairman's Award
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NAsA Setting the Stage — 1980s

Thermal Infrared Scanning:

 Thermal Infrared Multispectral Scanner (TIMS)

S 7

Anne Kahle
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AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

Kahle and Rowan,1980 Kahle and Goetz,1983
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s Setting the Stage — 1970s-1990s

»

The Satellites:

« Landsat-1 1972 (ERTS) with 4 image bands in the VNIR
« Landsat 4 - Thematic Mapper, launched July 1982, first to have Band 7 ‘Clay’

band
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« JERS-1 OPS 1992-1998 with 4 image bands in the SWIR
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o 1999-Important Year

« ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer)
launches in December, 1999

e

y s
P 2

ASTER - Escondida Mine, Chile
Courtesy NASA/Japan Space Systems

« Landsat 7 ETM+ launches April, 1999 primary advance was
the 15m pan band

Landsat 7
IGARSS 2019

Yokohama, Japan (July 29-Aug 2, 2019)




SLER vacon

] ASTER Instrument

Launched in December 1999 on Terra Platform

Joint project of U.S. NASA and Japan
Ministry of Economy, Trade, and
Industry; follow-on to JERS-1 OPS

Wide Spectral Coverage
14 bands in VNIR, SWIR, TIR

High Spatial Resolution
15m to 90m

Along-Track Stereo Capability

60 km Swath Width

IGARSS 2019

Yokohama, Japan (July 29-Aug 2, 2019)




Reflectance

ASTER Bands Designed for Geologic
Applications Bt N
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Global Coverage of ASTER Data s

ITAPAN USA /’,‘\

More than 3.5 million scenes in archive
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NASA Lithologic Mapping

Rowan and Mars (2003) used matched-
filter processing and spectral angle
mapper processing, after calibrating data
using in situ spectral reflectance
measurements.

The test area (Mountain Pass, CA, USA)
exposes quartzose rocks, limestone,
dolomite volcanic rocks, granitoids,
gneisses, granite, carbonatite, and
granodiorite. It is the location of the only
REE mine in the US.

-115015'

115915
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e Calcitic rocks
distinguished from

Explanation: dolom itiC;
Alshante - skarn and marble
SR mapped; Fe-muscovite &0 s 28
distinguished from Al- i . Explanation:
muscovite; %‘ i :'- sl
* granitic rocks vs. bt
granodioritic vs. mafic iy, ,
gneiss/amphibolite 5 -0l O NTE
« Sandstone and 5 > By
quartzite mapped B SR VEGETATION
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s Combining Lithologic Mapping and

Kurata and Yamaguchi (2019) combined and visualized lithologic
indices and topographical data in a single color image.

Lithological map

Voo

Integration by allocating
information to the HSV
color model elements 1

Zonation of the hydrothermal alteration Flat plane of alluvium
visualized by changing colors Steep slopes of chalcedony

¥ f

Topographical image
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Lithologic Mapping — TIR Indices

Ninomiya et al. (2005) developed quartz
(Ql), carbonate (Cl) and mafic (MI)
indices using ASTER TIR data.

[a] geologic map of study area in China.
[b] RGB composite of Ql, Cl, and Ml
indices, respectively.

[c] red = quartzite, dark red = siliceous
rocks, yellow = carbonate rocks, dark
yellow = possible carbonate rocks,
purple = ultramafic rocks.

Many other studies adopted these
indices as the analysis contribution for
lithologic mapping using the TIR bands
with the VNIR and SWIR bands.
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NASA Mapping Gypsum in Turkey

)2

Oztan and Suzen (2011) applied band ratios, decorrelation stretch, principal
components, and thermal indices to map gypsum in Turkey. All four methods
yielded partial success. Combining all four gave best results.

ASTER bands 3-2-1 Number of methods giving anomalies
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Mars and Rowan (2006)
mosaicked 62 ASTER
scenes in Zagros belt,
Iran. Applying logical
operators to map argillic
and phyllic alteration,
they “found” all of the
7= &0 known deposits, and
Meiduk 81 &2 B ol dentified dozens of

¥ “ 40 potential porphyry copper
targets.

..
: _. ;

Explanation
B Argillic Alteration
B Phyllic Alteration
Outline Of Igneous Rock Units
— Fault From Geologic Map
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NAsA Australian ASTER Geoscience Maps &

s b

ASTER Geoscience Map of Australia 17 National Geoscience GIS-
Satellite ASTER Geoscience Map of Australia Compatible mapS’ Scalable’ digital,
Release 07.08.2012 “measured”_ (CUdahy, 201 2)

The ASTER geoscience map of Australia will be publically released during the 34th International
Geological Congress in Erisbane, Australia.

The Product

The ASTER geoscience map of Australia is a set of public, web-accessible digital geoscience

Pl i o e s Fe-oxides, kaolinite, montmorillonite,

ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is a Japanese
imaging instrument on board USA’'s TERRA satellite. The multispectral imaging sensor is the

Al | s - vegetation cover, silica content, etc.

The Western Australian Centre of Excellence for 3D Mineral Mapping (C3DMM), led by CSIRO,
developed new methods and software that transformed the raw ASTER data into a new sulte of
17 geosclence products (e.g. Figure 1),

The ASTER geoscience maps of Australia represent the world's first continentscale maps of the

kil Created from ~3500 ASTER scenes;

ASTER has 14 spectral bands spanning wavelengths sensitive to important rock forming

minerals, including: Iron oxides; clays: carbonates; quartz; muscovite and chiorite. S e a m | e S S | y m O S a i C k e d ’ 1 O O m

Each ASTER image covers a 60 by 60 km area with individual pixel elements ranging from 15 to

20 m suitable for geoscience mapping from continent (1:2,500,000) down to mineral prospect 0
(1:50,000) scale. The Australian mosaic is sourced from ~35.000 ASTER scenes with
approximately 3500 used in the final mosaic. re S O I u tl O n 0

New mineral discoveries and
environmental applications are a direct
result.

Figure 1. Sateliite ASTER Geoscience map of iron oxide composition. I GA RSS 20 19
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Gold Discovery from Australian Geoscience [Eij =

Kentor Gold Ltd. announced Chukbo gold discovery based on phyllic
and propyllitic alteration Geoscience maps (Wastac, 2014).

i _Northern SR,
= Territory L e ASTER. A : AR
awl mineral'map 47 ¢85} o .
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IGARSS 2019

Yokohama, Japan (July 29-Aug 2, 2019)




Carrino et al. (2015)
used VNIR, SWIR and
TIR data to map
alteration and quartz
and carbonate rocks in
southern Peru. Analysis
led to development of
favorability model for
=oemanat | epithermal Au-Ag
o, ool deposits, based on
' zoning pattern and
erosion level in

paleostratovolcanoes.

IGARSS 2019
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Alteration Mapping for Au-Ag Deposits g

Alunite, kaolinite, montmorilonite, illite. N= new prospects

ASTER spectr 360000
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Alteration cores inferred and
shown in the Figure 9
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Nasa Recent and Future
- State-Sponsored and (Commercial) Satellites -~ 7>

« Sentinel-2 ESA-13 bands — 2015 & 2017
- DESIS Germany-240 bands — 6/2018

- ECOSTRESS USA-5TIR - 6/2018
 Jilin-1 China >220 bands — 1/2019

« PRISMA lItaly-237 bands — 3/2019

« HISUI Japan-185 bands — 1/2020

« ENMAP Germany-262 bands — 12/2020
« SHALOM Italy-Israel >200 bands — 20217
« HYPXIM France >200 bands - 20237

« SBG USA >200 bands (8 TIR) - 20247

| EnMAP

PRISMA
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K
wenty Years of ASTER Contributions to Lith
Mapping and Mineral Exploration

Michael Abrams '* and Yasushi Yamaguchi

Jet Propulsion Laboratory, California | ute of Technology,
Graduate School of Environmental Studies, Nagoya University,

check for
Accepted: 8 June 2019; Published: 11 June ¢ updates

stract: The Advance rne Thermal E b ¢ i 2 of five
nstruments operating on the National Aeronautic: platform.
Launched in 1999, the Advanced Spaceborne Therma

has been acquiring optical data for 20 years. ASTER is a joint projec :

Economy, Trade and Tndustry; and L tonal Aeron: and Space Administration. Numer
reports of geologic mapping and mineral exploration applications of ASTER data attest to the unique

capabilities of strument. Until 2000, Landsat was the

absorption features
ingle band, providing no information on mineral
uld only be detected as a single group. Th

mtent of sedimentary rocks). Since 2000, all of these mineralogical d
hed due to ASTER's unique, high spatial resolution mullisp
in the TIR. The tion to provide

1. Introduction

The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) is one of
five instruments on the U.S. Terra spaceborne platform (the other instruments are the Moderate
Resolution Imaging Spectroradion (M , Clouds and the Earth's Radiant Ener,

Mulli-angle Imaging SpectroRadiomet
Troposphere (MOPITT)). Launched in December 1
data for 20 years. ASTER is a joint proj 1 Jap: ¢ of nal Trade and
(MITI) (later chan ini [ e . Trade a stry (METI)) and the US.
). Japanese aerospac anies built the
: A provid rra platform and the Atlas 2
Both organizations are resp ble for instrument calibratio -
and distribution.
ASTER was conceived as a geologic map,
er instruments existing at the time, like Landsat. The sci hed for better
olution short wave infrared (SWIR) bands, multispectral thermal

Remote Sensing,
2019, 11, 1394;
https://doi.org/10.3390
/rs11111394.

Over 150 references
compiled
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http://www.wastac.wa.gov.au/
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